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Using fused- sili ca capillary gas chromatograph y, we in-
v~stJga ted sebum samples from 55 hea lth y indi vid uals to 
dIscover th e effects of aging on the sebaceous g land activity 
and on th e fatty acid composition of wax exte rs. The se-
baceous g land acti vity, w hj ch was expressed by the ratio 
of wax esters/ [ cholesterol + ch o les terol esters] 
(WEI [C + CE]), showed a distinct change from in fa n cy 
through maturit y to senescence; the curve of the ratio made 
a peak in o ur subj ects 's 20s . U sin g the fatty acid analyses, 
we found an interes tin g rel ationship between C 16 : 1 straig ht 
and C 16 : I iso-bran ched chain s, each of whi ch occupied a 
!arge proportion in the fatt y acids of wax esters; the former 
Inc reased in proportion from infan cy toward the 20s, wi th 
a co rrelat ion with aging (1' = 0.788, P < 0.01), and de-
creased therea ft er until our subj ects 's 50s (1' = -0.611 , P 
T he human sebaceous glan ds have long been known to change their acti vity with aging [1,2]. Downing and his co-workers [1 ,3-5) state that th e ratio of wax es ters/[ choles terol + cholesterol es ters] (WE/[C + CE]) in th e sk in surface lipids (SSLs) might be a good index 
fo r sebaceo us gland act ivity; according to them, since the seba-
ceous glands arc a kind of hoI ocr inc g lands, dying sebaceo us cells 
supply not onl y wax esters, which are produced in their cyto-
plasm, but also membrane-derived choles terol and choles terol 
esters into sebum. T herefo re, in sebaceo us cells with a hi gh lipid-
p roducing activity , th e membrane components, such as choles-
~erol and cholesterol es ters, should be overcome by wax esters 
In amo unt, resultin g in an increased WE/ [C + CE] rati o. Although 
the relationship between the ratio of WE/ [C + CE] and aging has 
been in ves tiga ted by some authors [1 ,2], there has been no study 
dea ling with all th e age groups from infancy to old age. In thi s 
study, forehead SSLs were extracted from 55 indi viduals and the 
ratios of WE/ [C + CE] were measured. Furtherm ore, the fatt y 
acid composition of wax esters in each sa mple was analyzed by 
a q uartz ca pillary gas chromatography. 
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A bbrev iarions: 
ECL: equivalent chain leng th 
SS L: skin surface lipid 
TLC: thin-l aye r chro ma[Qg raphy 
WE /[C + CE]: wax este rs/ [ cho les tero l + choles tero l esre rs] 
< 0.01). In contras t, the proportion of the latter follow ed 
an entirely reve rs ed course with advan cin g age. The per-
centages ofC , 6 : I straight chain components were correlated 
positively with the WE I [C + CEJ ratio (1' = 0.642, P < 
0.01), w hil e there was found to be a nega tive co rrelation 
between the proportion of C 16 : I iso-branched chai n co m-
po nents and the WEI [C + CE] ratio (I' = - O. 556, p < 
0 .01). 
The results sugges t that more active sebaceous g lands in 
lipid production excrete lipids with a hi g her proportion of 
C 16 : I strai g ht chain fatty acid and a lower proportion of 
C 16 : I iso-bran ched chain fatty acid . As well as the sebaceous 
g land activity, the fatt y acid com pos itio n in sebum wax 
esters is affected b y advancing age in Japanese . J 1111lest 
Dennato/89:507-512, 1987 
MATERIALS AND METHODS 
Subjects The subj ects 'were 55 hea lth y individuals, 28 of who m 
were male and 27 fcm ale, with ages ranging from 3 months to 
86 years. 
Collection of Lipids The forehead of each volunteer was first 
swa bbed with li pid-free co tton moistened w ith eth er, then a lipid-
free absorbent paper was attached to the defined area (28 cm2) of 
the forehead for 3 h; SSLs were obtained by the absorption method 
(6). T he coll ected lipids were ex tracted twice with 20 ml of the 
chl oroform/ meth anol (2: 1) and dri ed with a ro tary eva porator. 
T he extract was stored undcr nitrogen at - 20°C until use. 
Separation and Measurement of Lipid Classes The lipid 
extracts were gravimetri ca ll y measured and th e dctermination of 
the lipid classes was accomplished by thin-layer chromatograph y 
(TLC) separation Pl. Appro xim atel y 200 J..Lg of each extract was 
app Lied to a thin-layer plate, 20 x 20 cm, coated w ith a 0.25 mm 
thi ck la yer of silica gel G (Kieselgcl 60, Merck, Darmstadt, West 
Germany) that had been cleaned by developmcnt with chl o ro-
form / methanol (2: 1). The chromatogram was first developed 
wi th hexa ne, and th en w ith benzene to th e top of the plate; fur-
thcrmore, relati vely polar lipids on the plate were developed to 
the 10-cm level with hexane/ether/aceti c acid (70:30: J). After 
dryin g, the chromatogram was sprayed w ith 50% aqueous sul-
fur ic acid and charred by hea tin g at 150°C fo r 15 min in a con-
vective oven (ST AC 5200, Shimadzurika Instruments, T okyo) . 
After cooling, the charred chromatogram was quantitated by an 
absorban ce refl ection mode, 480-nm wave length, and a zigzag 
scanning 0 11 a photodensitomcter (CS-930, Shimadzu, Kyo to) 
equipped wi th an integrator (DR-2, Shimadzu). T he amoul1t of 
each lipid cl ass was ca lculated by the measurement of th e den-
sitometric area for each spot; the area sizes were propo rtional to 
the weights of th e res pecti ve constituents in th e lipid mixturc. 
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Figure 1. Densito metric scanning pattern of the charred thin-layer cbro-
matogram of the scbum ofa subject. Sq, squalene; CE, choles terol es ters; 
WE, wax esters; Te, triglycerides; FA, free fa tty acids; C, choles terol. 
Stand ard lipid mi xture comprised 10 J-Lg each of squalene, cho-
lesteryl olea te, stea ryl oleate, triolein, oleic acid , and cholesterol 
(Sigma Chemi ca l Co., St. Louis, M O). Figure 1 shows a typical 
densito metric scannin g pattern o f the charred thin-layer ch ro-
matogram of the sebum of an adult subject. 
Isolation of Wax Esters A wax es ter fraction was separated 
fro m other lipid classes by preparative T LC on a 0.5 mm thick 
layer of sili ca gel G (20 x 20 cm, Kieselgel 60, Merck) developed 
as described above, except for the third development. Bands were 
detected by spraying the plate w ith a 0.2% solution of 2',7'-
dichl oroflu o rescein in eth anol and viewed under ultraviolet light. 
T he band co rresponding to WE was scraped from the plate and 
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th e lipids were eluted w ith eth er. A sm all amount of CE might 
be mi xed w ith WE. The contamination of CE would be, how-
ever, allowable because of its trace am ounts as shown in Fig 1. 
Separation of Saturated and Mono-Unsaturated Fatty Acid 
Methyl Esters in Wax Esters The dried wax esters were dis-
solved in 0.5 ml of benzene and conve rted di rec tl y to meth yl 
es ters by heating at 80°C fo r 2 h w ith anh ydrous 5% HCI in 
methanol [8]. After adding 2 vol o f w ater, the lipids were re-
covered with hexane. Unless oth erw ise noted here, the organic 
solvent o f fatty acid methyl esters was removed at - 20°C under 
a strea m of nitrogen beca use of its volatilit y. T he res ultin g mix-
ture of fa tty acid meth yl esters and fa tty alcoho ls was chromato-
graphed on a 0.25 mm thi ck layer of silica gel G with hex-
ane/ether/aceti c acid (70 : 30 : 1) to separate each other. The methyl 
es ters were separated by degrees of un sa turation on argenta ted 
TLC plates, prepared by dipping them in aqu eous 10% AgN 0 3 , 
using to luene as a developing solvent [4] . The lipid bands cor-
responding to the saturated and mono-unsa turated meth yl es ters 
were separately scraped off and eluted with ether. 
Gas Chromatographic Analysis of the Fatty Acid Methyl 
Esters T he fa tty acid meth yl es ters were analyzed by gas chro-
matograph y using a 50 m x 0.2 mm fl exible fused-silica column 
wa ll-coated w ith O V-l0l (Shimadzu), installed in a Shimadzu 
GC-9A. A solventless inj ecto r wi th a glass injection need le (Shi-
madzu) was employed to concentrate the sa mple. Nitrogen was 
used as carrier gas at a pressure of2.25 kg/cm2 an d the split ratio 
was 1 : 3. A 50 ml/min pos tcolumn flo w of nitrogen make-up gas 
carried the eluants into a hydrogen fl ame ioniza tion detecto r. T he 
column and detector temperatures were 200 and 300°C, respec-
tively. Peak identifications were based on relative retention times, 
from which equivalent chain lengths (ECLs) were ca lculated. The 
ECL values were compared with those of standard reference com-
pounds (Nu-C hek-Prep, Elysian, MN) and the published values 
o f ECLs [9]. Components w ith chain lengths below iso-branched 
14-carbons o r above the straight 18-ca rbons were no t studied, as 
such components constituted only a small proportion of the to tal 
[1 0]. 
RES ULTS AND DISC U SS IO N 
Age-Related Changes in Sebaceous Gland Activity The 
present analyses on forehead sebum compositions in 55 individ-
uals revealed the ratios ofWE/[C + CE], which distinctl y changed 
with age; the curve of the ratios had a pea k in 20s in either males 
Table I. Comparison of the Ratios of WE/[C + C E] Between Diffe rent Age Groups 
Males Females 
Age /I Mean SE /I Mean SE 
(years) 
0-9 5 0.37 0.26 4 1. 94 0.72 
10-19 4 4.23 2.32 10 5.83 1.41 
20-29 7 13.54 4.35 3 8.27 0.86 
30- 49 8 7.50 1. 26 5 5.58 1. 90 
Over 50 4 6.39 2.55 5 5.38 2.85 
Table II. Comparison of the Amounts o f Sebum Accumul ated on an Abso rbent Paper Between Different Age Groups 
Males Females 
Age /I Mcan° SE /I Mean SE 
(yea rs) 
0-9 5 0.55 0.20 4 0. 19 0.05 
10-19 4 0.98 0.28 10 2.22 0.40 
20-29 7 2.37 0.49 3 1. 98 0.34 
30-49 8 2.99 0.32 5 1. 28 0.33 
Over 50 4 2.64 0.86 5 0.58 0.1 9 
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Figure 2_ Varia tions in the concentrations of straight and terminally branched chain types in saturated fa tty acids from the sebum wax esters of the 
subjects . For each fatty acid, its percentage concentration was plotted against the age of the subject. C ,(, straight chain fatty acids showed no notable 
changes in their relative amount with age, whereas C
'6 iso-branched fatty acids markedly decreased in proportion fro m infancy through the individuals's 
20s and then showed a slightly upward tendency up until senescence. 
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Figure 3 Variations in the concent rations of straight and terminally branched chain types in mono-unsa turated fatty acids from the sebum wax esters 
of the subjects. For each fa tty acid, its percentage concentration was plotted aga inst the age of the subject. The percentage of C"" I stra ight chain 
component increased from infancy through the subj ects's 20s in correlation wi th advancing age, then decreased until the subjects's 50s. In contrast, 
the percentage of the C"" I iso-branched fatty acid fo llowed an entirely reversed course, with a nadir in the individuals in their 20s, decreas ing from 
infancy through maturity and then increasing up until the ir 50s. 
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Figure 4. The relationship between WEI IC + CEI ratio and the per-
centages o f the C,r. : I straight and iso-branched fatty acids fro l11 the sebul11 
wax es ters o f the subjects. The pro po rtion of C ,(.: I straight chain co m-
ponent correlated positi vel y w ith the WEI IC + CEI ratio . In contras t, 
there was a nega tive correlation between the propo rtion of the C ,(, : I iso-
branched chain component and the WEIIC + C EI ratio. 
or females (T able I). In males, the sebaceous g land ac tivity, as 
indi ca ted by the ratios [1 ,3-5], was markedl y lower for those 
under 10 yea rs of age; it increased abruptl y in the teens, reaching 
a maximum in individuals in their 20s; it then bega n to redu ce 
graduall y durin g their 30s and 40s. In females, the sebaceo us g land 
acti vity in indi viduals befo re puberty continued to operate at 
signifi cantl y increased levels compared with th at in males (P < 
0.05), g raduall y reaching a maximum in th e subj ects's 20s; it then 
began to decrease earlier th an it did in males. For th ose in their 
30s and 40s, th e acti vity was always hi gher in males than in 
females. When the age-related changes of the W E/ [C + CE] ra tios 
(T able I) we re compared w ith those of sebum accumulation values 
(Ta ble II), one might readil y discern some discrepancies. In in-
fa ncy, the amount of the accumulated sebum was larger in males 
(T able II) , while the WE/ [C + C El ratio was g rea ter in females 
(T able I). Furtherm ore, in bo th sexes the amount of sebum was 
maintained at a high level even at middle ages (T able II ), whereas 
the ra tio bega n to decline soon after m aturity. Some ex planations 
for these discrepancies might be the foll owing : that th e amount 
of sebum collected by an absorbent paper may show only a rate 
of sebum excretion for 3 h rather than an ability of sebum pro-
duction per sebaceous cell ; or th at the sebum excretion rate may 
refl ect a turnover rate of sebaceo us cells. The ability of sebum 
production per sebaceous cell indi ca ted by WE/ [C + CE] rati o 
should be rega rd ed as a true sebaceous gland acti vity. It was 
interestin g to note that the WE/ [C + C E] rati os made a curve w ith 
a distin ct pattern during life fro m adolescence through maturity 
to senescence. M oreover, such a change o f the ratios is reported 
to correlate well w ith that of urin ary androgens reported by some 
auth ors [3,5]. 
Variations of the Fatty Acid Composition of Wax Esters 
Percent contents of th e saturated and unsa turated fa tty acids fro m 
C ' 4 to C 'H straight or branched chains in wax esters were es timated 
and their changes with advancing age were examined (Figs 2 and 
3) . In all subj ects studied, C ' f> fatty acids were the main com-
ponents in bo th sa turated and mono-unsa turated fractions of wax 
es ters. Straight chain fatty acids always predominated over the 
co rres ponding branched chain fa tty acids in all age g roups. These 
results might support previous reports [2,9, 10]. The present stud y 
on proportions of individual fa tty acid in relation to age, however, 
Figure 5 Fused-s ilica capillary gas chromatograms of the mono-unsat-
ura ted fa tty acid meth yl es ters from the sebul11 wax esters o f 3 subj ects, 
7- (A), 28- (B) , and 60-yea r-old (C) males. The most apparent difference 
is seen in the analyses for C , 6 : I fa tt y acids, w hich distin ctly showed age-
related changes in bo th straight and iso-branched chains. 
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yielded some new findings: among saturated fatty acids, Cli> straight 
chain fa tty acid showed no notable change in relative amount 
with age, while Cl c, iso-branched fatty acid in porportion mark-
edl y decreased fro m infancy through the 20s (r = - 0.836, P < 
0.01), and then showed a slight increasing tende1 cy until senes-
cence. Other saturated fatty acids showed no statistically signif-
icant difference correlated wi th aging as shown in Fig 2. Among 
the mono-unsaturated fatty acids, the percentage ofC lf>: I straight 
chain component increased from infancy throu gh the individuals's 
20s, correlating with aging (r = 0.788, p < 0.01), and then de-
creased until their 50s (r = -0.611 , p < 0.01) (Fig 3) . C 14 : 1 
straight (r = 0.839, p < 0.01) and C IS:I straight (r = 0.682, 
P < 0.0 1) components also increased in a relative amount until 
the 20s; thereafter, the latter declined (r = - 0.456, P < 0.01), 
while the former showed no significant change. In contrast, the 
proportion of the C 16 : I iso-branched fatty acid followed an en-
tirely reversed course, decreasing from infancy through maturity, 
with a nadir in the subjects's 20s (r = - 0.515, p < 0.05) , and 
then increasing up until the subj ects's 50s (r = 0.447, P < 0.05) . 
C IS: I straight component also decreased in amount in the 20s, 
showing no significant change thereafter. Other straight and ter-
minally branched chain fatty acids, C IS : I iso, C 17 : 1 straight, C 17 : 1 
iso, C 17 : I anteiso, and CI S: I iso, displayed no statistically signif-
icant change in amount in relation to age. The relationship be-
tween the relative amounts of the C 16 : I straight and iso-branched 
fatty acids from the wax esters and the WE/[C + CE] of the sub-
jects is shown clea rly in Fig 4. It was demonstrable that the 
proportion of C 16 : I straight chain components positively corre-
lated with the WE/[C + CEl ratio (r = 0.642, p < 0.01), w hile 
there was a negative correlation between the proportion of C 16 : I 
iso-branched chain component and the WE/[C + CEl ratio (r = 
- 0.556, p < 0.01). Fig 5 demonstrates significant differences in 
compositions of mono-unsaturated fatty acids among 3 subjects, 
7- (A), 28- (B), and 60-year-old (C) males. The most defmite 
difference is seen in the analysis on C 16 : I fatt y acids, showing the 
obvious age-related changes in both straight and iso-branched 
chains as described above. No statistically significant difference 
of the fatty acid composition of wax esters was found between 
males and females. 
Human sebum has long been known to contain branched chain 
fatty acids; however, its detailed data by chemical analyses had 
not been available until the recent reports by Nicolaides et al 
[9, 11-13] . According to them, normal even, normal odd, iso 
even, iso odd , and anteiso odd chain structures are produced from 
the independent precursors . Stewart et al [4] studied the rela-
tionship between the fatty acid compositions of wax esters from 
verni x caseosa and sebaceous gland activity and reported that 
individuals having higher wax esters /cholesterol esters ratios showed 
smaller proportions of terminally branched fatty acids and larger 
proportions of straight and internally branched chain fatty acids. 
Since the terminal portion of iso or anteiso branch is thought to 
be derived from the primers, such as isobutyrate, isovalerate, and 
2-methylbutyrate, which may be degradation products of cell 
membrane or serum proteins, the relative proportions of the 
branched fat ty acids may become larger w hen the amount of fa tty 
acids synthesized in the sebaceous glands is smaller. When se-
baceous gland acti vity is high, the relative amount of branched 
chain fatty acids should be reduced , because it may be diluted by 
a large quantity oflipids synthesized in the sebaceous glands [4,9]. 
In the present study, e 16 : 1 straight chain component, a main fa tty 
acid component in the sebaceous wax esters , showed a quanti-
tative · change with aging which paralleled the change in 
WE/[e + CE] ratios (compare Fig 3 w ith Fig 4) and contras ted 
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with the changes in the C 16 : I iso-branched chain component, as 
described above. It is extremely worth noting that some kinds of 
fatty acids change their proportions in wax esters with aging (Figs 
2, 3, and 5) an d that the proportion of e 16 : I straight fatty aCid 
may indicate the sebaceous gland activity as well as the WE/[C + CE] 
ratio (Fig 4) . Stewart et al [14,15] argued, however, th~t the 
proportion of 14, 16, and 18 carbon iso-branched fatty aCids m 
wax esters was affected by genetic control in Caucasians. T~ere 
may be an ethnic difference in lipid synthesis between Caucasians 
and Japanese . 
We conclude that not only the quantities of wax ester fatty 
acids excreted from sebaceous glands but also their constituents 
are affected by advancing age in J apanese. 
We t/tank Dr. Noriyoshi I!wmata, Departmertl of Dermatology of tlte Kido 
Hospital , Niiga ta, for Itis ki"d sliggesliollS, and the staff of til e Tsubatlle-Rosai 
Hospital fo r supplying the samples of sebzml. 
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